Abstract: Developing circular economy is an important consideration for economic transformation. The resource-exhausted cities should pay more attention to circular economy development. The authors of this paper make a prompt attempt to develop an early warning system of circular economy through the fuzzy comprehensive evaluation. In the first instance, the model determines the target value of circular economy development, and then comprehensively measures the circulation economy development with respect to the current situation of the development. In the subsequent stage of the research, a system for the optimisation of industrial structure is developed to determine the need to upgrade the industry. The level of cycle economic development in ZaoZhuang is a moderate warning. The result of this paper carries immense significance for the further development of circular economy in ZaoZhuang.
Introduction
In the new economic millennium China is being an emerging economy in a phase of economic restructuring. In this context, the concentration on circular economy (CE) plays an instrumental role in the process of economic transformation.
Many scholars study on the CE early warning and comprehensive evaluation fuzzy, and achieved a lot of valuable results. Singh and Ordonez (2016) analysed over 50 examples of products developed from discarded materials, categorising them into the recovery routes described in the CE literature (Lieder and Rashid, 2016) . Main contributions of this paper are a comprehensive CE framework and a practical implementation strategy for a regenerative economy and natural environment. George et al. (2015) constructed a CE model with two types of economic resources, namely, a polluting input and a recyclable input. Genovese et al. (2015) compared the performances of traditional and circular production systems across a range of indicators. Hobson and Lynch (2016) outlined inability to address many deeply embedded challenges around issues of consumption and the consumer. Abu-Ghunmi et al. (2016) estimated the net opportunity cost of a non-circular water industry The financial and environmental benefits of treating wastewater, along with the associated operating and capital costs, are calculated to arrive at the opportunity cost and the 'closing the loop charge'. Lieder and Rashid (2016) proposed an implementation strategy using top-down and bottom-up approach in a concurrent manner. Ili and Nikoli (2016) focused on the drivers that have the biggest impact on waste management in Serbia and improvement of the system by changing the impact of the drivers. Ghisellini et al. (2016) provided an extensive review of the literature of last two decades, with the purpose of grasping the main CE features and perspectives: origins, basic principles, advantages and disadvantages, modelling and implementation of CE at the different levels (micro, meso and macro) worldwide. Jiaoa and Boons (2015) aimed to reveal the processes that are needed to bring about policy durability, in order to assess its impact on the successful stimulation of SIC. Li and Ma (2015) introduced Guangdong Silver Island Lake (GSIL) Papermaking Park, which realises cleaner production and sustainable development by developing CE. Liu and Bai (2014) the study results indicated that the firms had a relatively good understanding about the CE and its values and had a strong willingness to operate a CE, but this was not indicative of enthusiastic behaviour. Ma et al. (2014) assessed the CE of the WISG, an evaluation system used by this industry to estimate CE performance that is, a system that uses CE efficiency composite index (CEECI) values is introduced. Yoon and Park (2014) proposed to utilise market instability index (MII) and stepwise risk warning levels that can diagnose the current instability of the stock market to foretell how the current stock market will proceed in advance. Sevim et al. (2014) developed an early warning system to predict currency crises. Billio et al. (2016) used different entropy measures and construct a new early warning indicator for banking crises. improved conventional HSE performance evaluation, where weighted average method was used a fuzzy comprehensive evaluation (FCE) method is used in this study by taking experts' weights into account. Chen et al. (2015) presented a novel framework for teaching performance evaluation based on the combination of fuzzy AHP and FCE method. Wang (2008) constructed the comprehensive evaluation index system of region REE systems and the weight analysis was made by subjective and objective integrated weight evaluation method combined with AHP and entropy value so as to establish the fuzzy multi-level comprehensive evaluation model. Zhang (2008) selected an appropriate evaluation method after the CE evaluation index system is established. Meng (2017) carried on the selection, the definition and the analysis to CE evaluating index and built up a CE evaluating index system of city. Wang et al. (2011) build a set of environmental evaluation index system of developing the CE for the iron and steel industry. You et al. (2014) constructed the evaluation index system of agricultural CE development, and described the operation process of the FCE model of agricultural CE development in detail. Bai et al. (2012) constructed the evaluation index system of CE in Liaoning province. Using FCE method and GIS method for the quantitative analysis of the regional development level of CE in Liaoning province. Wang et al. (2008) designed an indices system of enterprise benefit and establishes integrative evaluation model based on fuzzy method to analyse and evaluate the economic and environmental benefit of Xiedao. Yan et al. (2012) established an evaluation index system, which includes six level indicators and 17 secondary indicators. You et al. (2014) developed evaluation index system of agricultural recycling economy was formulated, and the calculation process of the FCE model was detailed described. Jia et al. (2008) constructed the comprehensive evaluation index system of the development level of regional agricultural CE.
Recycling economy promotes the development of social economy and integrates with the ecological concerns of geography. Moreover, recycling economy propagates the very essence of harmonious existence of human and nature. As a resource-exhausted city, ZaoZhuang should place its priorities on CE. ZaoZhuang enjoys the natural geographical advantages and convenient transportation for the implementation of cycle economic development strategy. At the same time, ZaoZhuang bears ample potential for the tertiary industry. However, in the inception of development, Zaozhuang did not pay much attention to the coordinated development of industry. The resource leading industries have caused a lot of damage for ecological environment in ZaoZhuang. What's more, excessive dependence on resources in contemporary time makes further development unsustainable.
In 2009, ZaoZhuang was listed as the second batch of energy exhaustion city by the State Council. It means that the development of ZaoZhuang becomes a part of national strategy. ZaoZhuang decided to take the advantage of this opportunity and exploit a focused approach to develop the CE.
Construction of early warning system
To effectively monitor the CE development state, a set of feasible CE must be established. Such early warning systems can make reasonable expectations, so as to achieve the status of development in particular stage of CE, and make appropriate adjustments for the deviations in the development process. CE development early warning system has three functions: to correctly evaluate the present state of the development mode of recycle economy; To accurately predict the development trend of the recycle economy development mode and find the problems; To provide the early warning measures in time and accurately test control effect. These functions provide references for the development decision of CE, and effectively improve the level of decision-making for circulation economic development.
Construction process
Early warning is based on the deviation between the practical situation and the expectation state, and to reveal the system running status. The core of CE development early warning system is the comprehensive, coordinated and sustainable development of economy environment; its also emphasises the development of industry and economy, promotes resource-saving, pollution reduction and resource recycling. It provides resource ecological security. Its object is resources products that provide new resources.
By using a series of scientific early-warning technique, index system and early warning model for monitoring of CE mode operation process, we find the alert from the monitoring, analysing and identifying the warning signs, looking for the alert source, judging the warning degree, and absolving the warning. Based on this idea, this paper develops the technical route of CE early warning system shown in Figure 1 . 
The reason of choosing FCE
Early warning is based on the deviation between the practical situation and the expectation state. The research on CE development warning measures mainly uses principal component method or pressure index method. The principal component analysis is a kind of relative evaluation method, and its evaluation result is influenced by sample structure. The reasonable selection of sample size and design sample structure is often difficult, and it cannot eliminate the overlap indexes, so the results are affected by index related structure. The choosing of index critical value and determination of index weight has strong subjectivity in pressure index method. Some references use the vector angle to evaluate the deviation between the actual development situation and expectation, this method can clearly said deviation, but cannot distinguish deviation between the positive deviation and negative, it does not have generality. Based on the FCE, this paper adjusts the warning of development situation by expectations, combines the expert's subjective judgement with quantitative analysis. It generally does not show positive and negative deviation, and the weight of every element in the whole evaluation system can blend in the assessment system.
Fuzzy comprehensive evaluation

The principle of evaluation factor construction
The development index system of CE early warning system belongs to a kind of feedback control system, and it can monitor whether the economic development follow the direction of the circular production mode. The system can quantify qualitative problems, and intuitively reflect the deviation in the process of economic development. The selected warning indexes should be closely around 3R principle, economic development industrial structure and the characteristic of resources and environment. The index change should lead to system change, and can reflect the system imbalance and small change of the system. When the system warning appears, these indexes can send out signals. In addition, those indexes are practicability and operability, and can reflect the situation of the ability and coordination in sustainable development. This paper selects economy, resource and environment as three subsystems of the measure and each subsystem chooses some measurable indexes as evaluation object. The specific content is shown in Table 1 . . So, we can get the single factor evaluation set of every factor. Every evaluation set has four levels, we determine different comment set for different factor.
The influence degrees of various factors against things are different, some may be large, and some may be small. Therefore, in the comprehensive evaluation, we must give the importance of each factor. Thus, we can give a fuzzy subset
In this paper, the determine method is Delphi method. Steps of Delphi are: a The questionnaire of the factor importance degree is: 
In same reason, we can get the evaluation matrix. 
The second level comprehensive set is According with the principle of maximum membership degree, the level of cycle economic development in ZaoZhuang is moderate. It means that the cycle economy in ZaoZhuang has a certain foundation. From computational process, we can see the economic development is serious warning, the resource is drastic warning, the environment is less warning. It means that ZaoZhuang can realise the importance of the environment in the development process. The economic development in ZaoZhuang is a serious warning. It means the economic development is relatively slow. This is mainly the development pattern of resource dependence. In recent years, ZaoZhuang does not change development mode in economic transformation process, it means the economic development lags behind.
Discrimination of industrial structure optimisation
In the previous paper, we found that the structure of the CE in Zaozhuang will seriously affect its overall development, so it is necessary to carry on the analysis of the industrial structure optimisation.
Evaluation index system
Through the researches of many scholars, we can know that upgrading the industrial structure in an economy mainly comes from the two aspects: it is necessary to optimise the industrial structure and to promote the industrial structure of sophisticated. An area of industrial structure optimisation and upgrading of the planning, the main should start from the specific conditions of the local area, a reasonable planning. Based on this, this paper proposes to achieve CE industrial pattern of evaluation index system, relying on the criterion of CE, under the condition of full consideration of the influence the upgrading of the industrial structure, establish a set of evaluation index system given as a Unit GDP energy consumption: the index refers to the energy consumption of coal, oil, and other energy consumption in a year, the production unit of GDP. It can be translated into a unified expressed as billion yuan/ton of standard coal. The calculation method for the energy consumption of the unit GDP:
Unit GDP energy consumption total energy consumption / area GDP = b Ratio of tertiary industry to GDP: While China's current tertiary industry is relatively backward, not only the output value is small, the quality is also not high. The tertiary industry can promote the development of the first and the two industries. Today's tertiary industry not only means the retail, but also means the financial, trust and software and so on high-end services. Therefore, it is generally used to measure the level of industrial structure in the proportion of the tertiary industry GDP. Its calculation method is:
Tertiary industry accounted for the proportion of GDP tertiary industrial output value /GDP = c Contribution rate of scientific and technological progress: The contribution rate of scientific and technological progress to economic growth. The higher the value of the index to promote the optimisation of industrial structure, the greater the intensity. Its formula is: d Urbanisation level: The city is an effective carrier of the tertiary industry, and the development of the tertiary industry will lead to a large number of population employments. So, the increase in the proportion of urban population, means that the industrial upgrading and progress.
The formula for calculating the index is:
Urbanisation level non-agricultural population / total population = e Industrial sulphur dioxide emissions: In a year's time, the total discharge of sulphur dioxide in the production process of all industrial enterprises.
f Reuse rate of industrial water: The amount of industrial waste water discharged from industrial wastewater accounted for the proportion of total discharge of industrial waste water. The formula for calculating the index is:
Industrial water reuse rate industrial reuse / total industrial waste water discharge. = h The comprehensive utilisation rate of industrial waste. Waste, waste gas, waste water comprehensive utilisation of the output value accounted for the proportion of total industrial output value.
i Environmental protection investment accounted for the proportion of GDP: the economy's environmental spending accounted for GDP.
Environmental protection investment accounted for the proportion of GDP Environmental spending / GDP =
Calculation example
We use the evaluation model established before and principal component analysis method to calculate the value of the index of the principal leading industry based on the '2013 Zaozhuang City Statistical Yearbook', '2014 Zaozhuang Statistical Yearbook' and '2014 . We carry on the operation analysis by SPSS software and the results are as follows: First, according to the above three statistical yearbooks, we calculate the 12 indicators of each industry sector in Zaozhuang City. Then by using the SPSS software, we will analyse the relevant data. In this paper, we calculate the five main factors when the principle of variance contribution rate is greater than or equal to 80%, and we calculate the characteristic value and variance contribution rate.
Second, we use SPSS software to calculate the regression coefficient of each factor. According to the factor score matrix, we can get the expression of the factor model function as follows. 
Development proposal
After we set up a rating system to optimise the industrial structure, we calculated that the resource-intensive industry and the tertiary industry are worth priority optimisation. Here, we offer some of the following suggestions for improvement.
Transform the mode of economic development
In 2009, ZaoZhuang was listed as the second batch of energy exhaustion city by the State Council. It means that the development of ZaoZhuang becomes national strategy. Zaozhuang decided to fully seize this opportunity, and vigorously develop the CE. According to the current situation of economic development of ZaoZhuang, we formulate effective measures of economic transformation by fully using of state policies and local government's preferential policy. ZaoZhuang can realise the smooth transition of the economic transformation, not only achieving the development of economy, but also achieving the coordinated and sustainable development of social, economy and environment.
Positive development of tourism
ZaoZhuang is a historical and cultural city with long history and natural beautiful scenery, it has the congenital advantage to develop the tourism. ZaoZhuang should overcome difficulties, and actively develop tourism. The tourism can promote the development of the tertiary industry, which can help it achieve quick and effective transformation.
Develop the high added value industry
ZaoZhuang has rich coal resource, and coal mining industry has been the leading industry. This realised the economic development in ZaoZhuang, but also formed for resource dependence. ZaoZhuang has been product coal primary processing products with low technology, this not only wastes a lot of resources, but also causes the pollution of the environment. Therefore, ZaoZhuang should increase investment in science and technology, develop high added value industries, and improve the added value of products on the basis of the primary coal products of deep processing. In addition, in the coal processing industry, ZaoZhuang should make full use of the resources advantage to develop the key technology of this industry. Then, the primary coal product processing industry with low economic benefit can become the new and high technology industries with high added value.
Conclusions
As a resource-exhausted city, ZaoZhuang should implement the CE. This paper researches the early warning system of CE through the FCE and constructs a model of the industrial structure optimisation on the basis of this study. Firstly, it determines the target value of CE development, and then has the judgement for the circulation economy development according to the current situation of the development. In accordance with the principle of maximum membership degree that the level of cycle economic development in ZaoZhuang is moderate. It means the cycle economy in ZaoZhuang has a certain foundation. Then, based on recycling system, we make evaluations of their industrial structure and found that the resource-intensive and tertiary industries were worth a priority to improve. As the results have revealed, this paper puts forward some suggestions for the cycle economic development of ZaoZhuang and has a significant reference value.
